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[0011] 

[Embodiment of the invention] As shown in Fig. I, a gate oxide film (2) having a film 
thickness of about 100 A to 200 A is formed on a P type silicon substrate (1) by 
thermal oxidation, and a first polysilicon layer (3) having a film thickness of about 700 
A is deposited thereon by an LPCVD method. 

[0012] Phosphorus (31P+) is implanted in a whole surface of the silicon substrate (1) 
under a condition of acceleration energy of 140 KeV and dose of 7 X 10 12 /cm 2 . A 
silicon nitride film (Si3N4 film) (4) having a film thickness of about 500A to 1000 A 
is further deposited thereon by the LPCVD method. 

[0013] Next, as shown in Fig. 2, an N-well region (5) is formed by thermally diffusing 
the implanted phosphorus. Note that it is possible that this thermal diffusion is not 
performed at this time so as to form the N-well region (5) simultaneously when forming 
the P-well region (7) by thermal diffusion afterward. 

[0014] Then, the gate oxide film (2), the first polysilicon layer (3), and the silicon 
nitride film (Si3N4 film) (4) are selectively dry-etched to leave these on a device 
formation region, and a device isolation oxide film (i.e. LOCOS) (6) is formed by field 
oxidation. The device isolation oxide film (6) has a film thickness of about 3000 A to 
4500A. The device isolation oxide film (6) electrically isolates a plurality of the 
device formation regions (regions for forming a MOSFET and a resistor element). The 
gate oxide film (2) and the first polysilicon layer (3) function as a buffer in this field 
oxidation (same as a pad oxide film and a pad polysilicon layer of a conventional art). 
The silicon nitride film (4) serves as an anti-oxidation film in the field oxidation, and 
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removed by hot phosphoric acid. The gate oxide film (2) and the first polysilicon layer 
(3) thereunder are left as they are. 

[0015] Next, as shown in Fig. 3, in a N-channel MOSFET formation region, boron is 
ion-implanted under a condition of acceleration energy of 140 KeV and dose of 1 .3 X 
10 13 /cm 2 , and thermally diffused, so that phosphoms is compensated to form a P-well 
region (7). 

[0016] Then, as shown in Fig. 4, a second polysilicon layer (8) having a film thickness 
of about 500 A is deposited on a whole surface by the LPCVD method. A 
photoresist (9) is further formed thereon, and boron is ion-implanted on a surface of the 
N-well region (5) through the gate oxide film (2), the first polysilicon layer (3), and the 
second polysilicon layer (8) in a resistor element formation region among the plurality 
of the device formation regions, thereby forming a P-type resistive layer (10) on a 
surface of the silicon substrate (1). 

[0017] Acceleration energy of the ion-implantation at this time is 80 KeV, and dose 
is selected from a range of 1 X 1013/cm 2 to 1 X 1014/cm 2 in order to set a required 
resistance value. It is also possible to form a N-type resistive layer by ion-implanting 
boron in the P-well region (7). 

[0018] After then, it is preferable to form a high melting point metal silicide layer (11) 
such as a tungsten silicide layer having a film thickness of about 1500 A on the second 
polysilicon layer (8) by the CVD method for making resistance lower. It is possible to 
perform the above ion-implantation process before laminating the second polysilicon 
layer (8). 

[0019] Next, as shown in Fig. 5, the N-channel type MOSFET formation region, i.e. the 
P-well region (7), the gate electrode region and a part of the resistive layer (10) of the 
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P-channel MOSFET are covered with a photoresist (12), That is, both ends of the 
photoresist (12) on the resistive layer (10) keep a distance from both ends of the device 
isolation oxide film (6). This photoresist (12) is patterned by using a P+ 
ion-implantation mask (a mask for forming source and drain of the P-channel 
MOSFET). 

[0020] Then, as shown in Fig. 6, the first and second polysilicon layers (3) and (8), and 
the high melting point metal silicide layer (11) are dry-etched by using this photoresist 
(12) as a mask. 

[0021] With this process, the N-channel MOSFET formation region is covered with the 
first and second polysilicon layers (3) and (8) and the high melting point metal silicide 
layer (11). Then, a gate electrode (13) of the P-channel MOSFET is formed. On the 
resistive layer (10), a mask layer (14) is formed for source and drain implantation to be 
performed afterward. Note that Fig. 6 shows a state where the photoresist (12) is 
removed. 

[0022] Then, as shown in Fig. 7, ion-implantation of boron is performed, A condition 
of the ion-implantation is 70 KeV in acceleration energy, and about 30 X 10 15 /cm 2 in 
dose. AP+ source region (16) and a P (+) drain region (17) of the P-channel MOSFET 
(15) are thus formed. At the same time, P+ electrode leading regions (19) and (20) of 
a resistor element (18) are formed. At this time, since the mask layer (14) covers the 
resistive layer (10), boron is not implanted in the resistive layer (10). 
[0023] Thus, the gate electrode (15), the P+ source region (16), and the P+ drain region 
(17) of the P-channel MOSFET, and the P+ electrode leading regions (19) and (20) of 
the resistor element (18) can be formed by using one sheet of the P+ ion-implantation 
mask. 
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[0024] Next, as shown in Fig. 8, on the contrary, the P-channel MOSFET formation 
region, the resistor element (18), and the gate electrode formation region of the 
N-channel MOSFET are covered with a photoresist (21). This photoresist (21) is 
patterned by using a N+ ion-implantation mask (a mask for forming source and drain of 
the N-channel MOSFET). 

[0025] The first and second polysilicon layers (2) and (8), and the high melting point 
metal silicide layer (11) are dry-etched by using this photoresist (21) as a mask. Then, 
as shown in Fig. 9, the gate electrode (22) of the N-channel MOSFET is formed. 
[0026] Then, as shown in Fig. 10, ion-implantation of arsenic is performed. A 
condition of the ion-implantation is 70 KeV in acceleration energy and about 5X 10 15 
cm 2 in dose. With this process, a N+ source region (24) and a N+ drain region (25) of 
the N-channel MOSFET (23) are formed. 

[0027] Then, as shown in Fig. 1 1, the photoresist (21) is removed. After then, the well 
known manufacturing method is used to form an Al electrode on the P+ source region 
(16) and the P+ drain region (17) of the P-channel MOSFET (15), the P+ electrode 
leading regions (19) and (20) of the resistor element (18), and the N+ source region (24) 
and the N+ drain region (25) of the N-channel MOSFET (23). 

[0028] With this process, the gate electrode (22), the N+ source region (24), and the N+ 
drain region (24) of the N-channel MOSFET can be formed by using one sheet of the 
N+ ion-implantation mask. 

[0029] Fig. 12 is a plan view of the resistor element (18) in Fig. 11. The P- resistive 
layer (10), the P+ electrode leading regions (19) and (20) are formed in the device 
formation region enclosed with the device isolation oxide film (6), and the mask layer 
(14) is formed on the resistive layer (10), the mask layer (14) slightly extending over the 
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device isolation oxide film (6) in consideration of mask shifting. 
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